Objective: Human herpesvirus 8 (HHV-8) and Epstein-Barr virus (EBV) are human pathogens associated to a number of neoplasms, including tumors of the Waldeyer's ring. Both viruses have been previously detected by in situ methods in tonsils and adenoids from children. HHV-8 was found in 6.8% of the cases and EBV in about one third of the cases. As they belong to the same g-herpesvirus subfamily and share some biological characteristics, it is of medical interest to further explore their possible relationship in the Waldeyer's ring, an issue not yet addressed in the specialized literature. The purpose of the present study is to compare the presence of EBV by in situ hybridization (ISH) in tonsils and adenoids from children up to 14 years of age in cases previously shown to be positive and negative for HHV-8. Methods: Paraffin wax-embedded sections consisting of 38 tonsils and two adenoids from 40 patients were analyzed. HHV-8 was detected by ISH, using the T1-1 probe for the viral mRNA. EBV was also detected by ISH, using the EBER probe. Both probes and the detection systems were provided by Novocastra.
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Human herpesvirus 8; Epstein-Barr virus; Tonsils; Adenoids; In situ hybridization Summary Objective: Human herpesvirus 8 (HHV-8) and Epstein-Barr virus (EBV) are human pathogens associated to a number of neoplasms, including tumors of the Waldeyer's ring. Both viruses have been previously detected by in situ methods in tonsils and adenoids from children. HHV-8 was found in 6.8% of the cases and EBV in about one third of the cases. As they belong to the same g-herpesvirus subfamily and share some biological characteristics, it is of medical interest to further explore their possible relationship in the Waldeyer's ring, an issue not yet addressed in the specialized literature. The purpose of the present study is to compare the presence of EBV by in situ hybridization (ISH) in tonsils and adenoids from children up to 14 years of age in cases previously shown to be positive and negative for HHV-8. Methods: Paraffin wax-embedded sections consisting of 38 tonsils and two adenoids from 40 patients were analyzed. HHV-8 was detected by ISH, using the T1-1 probe for the viral mRNA. EBV was also detected by ISH, using the EBER probe. Both probes and the detection systems were provided by Novocastra. Results: HHV-8 was detected in 19 tonsils and one adenoid. The other 19 tonsils and one adenoid taken from the HHV-8-negative group were selected by pairing age and
Introduction
Human herpesvirus 4, best known as Epstein-Barr virus (EBV) and the human herpesvirus type 8 (HHV-8, also known as Kaposi sarcoma herpesvirus, KSHV) belong to the g-herpesviridae subfamily [7, 8, 12, 13] . Both are clinically relevant, as they represent pathogens associated with human nonneoplastic and neoplastic diseases. Medical importance of these viruses is reflected by the ever-growing list of studies available. EBV is associated with Hodgkin's disease in half of the cases (even more frequently in children), with polyclonal lymphoproliferations and with malignant non-Hodgkin's lymphomas, especially in patients infected by the human immunodeficiency virus (HIV). In the Waldeyer's ring, EBV is found in all cases of undifferentiated nasopharyngeal carcinomas and T/NK lymphomas. HHV8 has been associated with Castleman's disease and neoplasms, such as Kaposi's sarcoma (KS), and pleural effusion lymphoma. KS is described to occur in African infants, even prior to the HIV epidemic, and which now represents one of the leading cancers in HIV+ children [6, 15] . Research on viruses that have oncogenic potential, especially in children, are important both to alert physicians to the possibility that such lesions may appear in other regions of the world, especially if a supervening immune suppression takes place, and for the development of prophylactic or therapeutic measures.
In previous studies addressing the detection of members of the Herpesviridae family in tonsils and adenoids using in situ histomolecular techniques, it was demonstrated that the Epstein-Barr virus (EBV) was present in about 30% of the tonsils and adenoids [9] [10] [11] . In contrast, in none of the 36 cases studied by us could herpesviruses 1 and 2 (HSV-1/2) be found [18] .
More recently, we investigated tonsils and adenoids from 293 patients for the presence of human herpesvirus 8 (HHV-8) and found that 6.8% were positive [5] . Virus was mainly found in lymphoid cells, and more rarely in epithelial cells, as it was also observed for EBV [9] [10] [11] . In that study, we were able to support the evidence of an oral route of contamination by HHV-8, as it is the case for EBV and HSV-1/2 [5, 6, 15] .
Thus, EBV and HHV-8, but not HSV-1/2, seem to share the organs of the Waldeyer's ring as a site of prolonged residency, according to these findings. However, two differences are noticeable: first, EBV is more frequently found in adenoids and tonsils, perhaps reflecting the more widespread distribution of this virus in the general population. In addition, EBV was detected in 29.4% of tonsils from children aged 2-14 years and in 33% of adenoids from children aged 1-2 years, whereas HHV-8 was detected in 19/ 181 (10.4%) tonsils and in just one out of 162 adenoids (0.06%) [5, 9, 10] . Then, a clear difference in the preference of both lymphoid organs seems to exist. On the other hand, in both cases, younger children present more frequently EBV and HHV-8 positive cells in comparison with older ones [5, 9] . A selected list of similarities and differences between EBV and HHV-8 are summarized in Table 1. 1924 C.A. Chagas et al.
gender of patients with the HHV-8-positive group. In both groups EBV was detected in 13 cases and was negative in other 7. Conclusion: Although both viruses are related in many aspects, some biological and epidemiological features differ. This is reflected in the present results, as EBV is similarly detected in the groups negative and positive for HHV-8, favoring different mechanisms of spread. # 2006 Elsevier Ireland Ltd. All rights reserved. The medical importance of both herpeviruses and the correlations between EBV and HHV-8 extracted from our previous data, allied to the lack of studies concerning the possible relationship (environmental or constitutional factors) of each other related to their detection in the Waldeyer's ring, impelled us to compare the frequency of positivity for both viruses. EBV was detected in tonsils and adenoids among known HHV-8-positive and negative children, as determined in our previous study [5] . For their detection the in situ hybridization (ISH) technique was used on paraffin embedded tonsils and adenoids sections. It was our purpose to verify if there is a relationship between the two infections in the tonsils.
Materials and methods
Thirty-eight tonsils and two adenoids from 40 patients were analyzed. Paraffin wax-embedded tissue was obtained from the files of the Department of Anatomical Pathology. Indications for the resection of tonsils and adenoids were airway obstruction by hypertrophy and recurrent tonsillitis. In every case, a florid lymphoid follicular hyperplasia was observed at histology. Age ranged from 1 to 14 years, median 3.5 years. Twenty-six were male and 14 female. HHV-8 had been previously detected by ISH in all patients, 38 in the tonsils and 2 in the adenoids. EBV was then detected by ISH. In order to evaluate the relationship between the detection of both viruses two groups were compared: (1) a group of 20 patients which had already been shown positive for HHV-8 [5] and (2) a group consisting of HHV-8 negative cases, paired by age and gender with the first group (Table 2) .
For the ISH technique, tissue sections were dewaxed, hydrated and treated with proteolytic enzyme (proteinase K, 15 min at 37 8C). Sections were incubated over night (16) (17) (18) (19) (20) h) at 37 8C with a probe complementary to the mRNA of HHV-8 (T1-1, code NCL-HHV-8, Novocastra Laboratories, Newcastle, UK) or with a probe to the early RNAs of EBV (EBER 1 and 2, Novocastra). The revelation of the reaction was performed by using the detection kit, according to the manufacturer's instructions (code NCL-ISH-D, Novocastra). Labelling consisted of a nuclear blue-black dark staining.
The positive controls consisted of a sample of Kaposi's sarcoma for HHV-8 and a nasopharingeal undifferentiated carcinoma for EBV, which had been previously tested and showed positive staining. In negative controls the specific probes were replaced by bovine serum albumin (BSA 1% in phosphatebuffered saline, pH 7.6). The presence of reactivity on sections was analyzed using an optic microscope and scored as follows: 0 = no staining; + = less than 5 positive cells in the section; ++ = 6 to 15 positive cells in the section; +++ = more than 15 positive cells in the section.
To compare both groups, the non parametric Mann-Whitney test was used.
Results
In both groups EBV was detected in 13 cases and was negative in other 7 (Tables 2 and 3 ). In the group of cases positive for HHV-8, five patients were scored +, six ++ and two +++. In the group of cases negative for HHV-8, eight patients were scored +, three ++ and two +++. Fig. 1 illustrates one case with rare positive cells for EBV. Fig. 2 illustrates one case with more than 15 positive nuclei, with many apoptotic cells, probably due to massive viral infection.
Discussion
Our results show that, in spite of many similarities, detection of EBV and HHV-8 in the Waldeyer's ring is not correlated. EBV and HHV-8 present a similar morphology of the herpesviridae capsid, but their surface proteins differ, resulting in diverse mechanisms of cell infection. EBV infects B-lymphocytes through interaction of viral glycoprotein gp350/220 with a component of the complement receptor CD21. Infection of epithelial cells involves the receptor of immunoglobulin IgA [11, 16] . Penetration of HHV-8 in host cells involves an interaction between a viral envelope glycoprotein gpK8.1 with a host membrane receptor, integrin a3b1 [1, 16] . This interaction promotes polymerization of microfilaments of the cytoskeleton, which leads to endocytosis of the virus particles in epithelial cells, Blymphocytes, macrophages and endothelial cells [3, 17] . These differences may explain the different distribution of these viruses in the Waldeyer's ring, each organ presenting diverse adhesion molecules and chemokines, as demonstrated elsewhere [2, 14] . Latent infection of EBV and HHV-8 is involved in the pathogenesis of lymphoid, epithelial and endothelial neoplasms, including tumors of the Waldeyer's ring, a fact that justifies the increasing number of studies about these agents [8, 12] . In this respect, our previous findings confirmed that lymphoid and, more infrequently, epithelial cells of the Waldeyer's ring represent sites of protracted residence of both viruses, though presenting differences in the frequency of positive cells and in the preference for the tonsil or adenoid [5, 9, 10] .
Another evident difference is the geographic distribution of EBV and HHV-8 in humans. While HHV-8 is very infrequently detected in industrialized countries and is more prevalent in poorer regions (central Africa, Mediterranean Europe and north of South America) [6, 8, 15] , EBV is ubiquitous, with an estimated prevalence of more than 90% of individuals worldwide [12] . The above-mentioned factors may be responsible for the lack of correlation between the detection of EBV and HHV-8 in the tonsils studied herein. In this respect, the co-infection by both, as occurred in 17 of the patients in the present study seems just a coincidental event, as already discussed elsewhere [4] .
Transmission of both viruses presents more similarities that previously suspected. EBV, traditionally considered to be spread by saliva, may be transmitted also by genital contact, blood transfusion and transplantation [12] . On the other hand, HHV-8, first considered to be genitally transmitted, especially among homosexual males, is increasingly being regarded as transmissible by the saliva [5] [6] [7] 15] .
In conclusion, although belonging to the same gherpesviridae subfamily, our findings evidence that EBV and HHV-8 present differences in the frequency of detection in the Waldeyer's ring and in the predilection for the tonsils or adenoids [5, 9, 10] . Furthermore, the lack of correlation between the positivity for both viruses in the lymphoid organs studied indicate that predisposing factors, either environmental or constitutional, are independent. It is probable that differences in the lymphoid tissues' and in the viral's protein structure play a role in the pathogenesis of these findings [2, 14] .
